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SUMMARY 
F r e q u e n c y   m u l t i p l i c a t i o n   it h e   m i c r o w a v e  and 
mi l l imeter -wave range can be  per fo rmed in  compact  fo rm 
us ing  ha rmon ic  phase  de tec to rs ,  i n  wh ich  the  VC0 phase 
i s   d i r e c t l y  compared t o  a m u l t i p l e   o f   t h e   r e f e r e n c e  
f r e q u e n c y   i n t e r n a l l y   g e n e r a t e d   i n   t h e  same dev ice .  I n  
t h i s   p a p e r  we p resen t  a x3  P.L.L. f requency  
m u l t i p l i e r  f o l l o w i n g  t h i s  t e c h n i q u e  t h a t  p h a s e - l o c k s  a 
27 GHz Gunn d iode  VC0 t o  a 9 GHz r e f e r e n c e ,   i n  a 
simple  andcompact  arrangement. The Gunn d iode  
f r e q u e n c y  i s  c o n t r o l l e d  v i a  t h e  v o l t a g e  a p p l i e d  t o  it. 
The p h a s e   d e t e c t o r   u s e d  i s  a ba lanced  mixer ,  
implemented wi th a 90' m i c r o s t r i p   h y b r i d   r i n g  and 
Scho t t ky   d iodes ,   and   des igned   a t   he  9 GHz r e f e r e n c e  
f requency.   Th is   system  can be employed  through  t e  
m i c r o w a v e   a n d   m i l l i m e t e r - w a v e   r a n g e s   t o   o b t a i n   l o w  
o r d e r  o d d - i n d e x  f r e q u e n c y  m u l t i p l i c a t i o n s .  
INTRODUCTION 
The e x p a n s i o n   o f   s a t e l l i t e   c o m m u n i c a t i o n   s y s t e m s  
demands f o r   r e c e i v e r s   w i t h   g o o d   s e n s i t i v i t y  and 
d y n a m i c   r a n g e .   T h i s   o f t e n   r e q u i r e s   d e s i g n s   i n v o l v i n g  
c o h e r e n t   d e t e c t i o n   a n d   t h e   u s e   o f   l o c a l   o s c i l l a t o r s  
w i t h  h i g h  s p e c t r a l  p u r i t y  / l / .  
The d e s i g n   o f   l o w   p h a s e   n o i s e   o s c i l l a t o r s  i n  t h e  
microwave  and  mi l l imeter-wave  range i s   u s u a l l y  
implemented  by  phase- locking a V o l t a g e   C o n t r o l l e d  
O s c i l l a t o r  (VCO) t o  a s p e c t r a l l y  p u r e  r e f e r e n c e  s i g n a l  
( i n d i r e c t   s y n t h e s i s   b y   p h a s e   l o c k e d   l o o p s )  /2/ /3/. 
T h i s  t e c h n i q u e   o f t e n   c a l l s   f o r   f r e q u e n c y   m u l t i p l i e r s ,  
where t h e   l o c k e d   o s c i l l a t o r   f r e q u e n c y  i s  a c e r t a i n  
m u l t i p l e   o f  a more   s tab le   f requency ,  and the  phase 
d e t e c t i o n   i s  made a t   l o w e r   f r e q u e n c y   a f t e r  down- 
c o n v e r t i n g   t h e  VCO's h igh   f requency   by  means o f  a 
h a r m o n i c  m i x e r  o r  r e g e n e r a t i v e  f r e q u e n c y  d i v i d e r s  /4 / .  
I n d i r e c t   f r e q u e n c y   m u l t i p l i c a t i o n   b y  s m a l l   o d d  
m u l t i p l e s   c a n   b e   p e r f o r m e d   i n  a very  compact  manner 
us ing  harmonic   phase  comparators ,  i n  which  the  phase 
o f  t h e  VC0 i s  d i r e c t l y  compared t o  t h e  m u l t i p l e  o f  t h e  
r e f e r e n c e   f r e q u e n c y   g e n e r a t e d   i n t e r n a l l y   i n   t h e  same 
dev ice  /5 /  ( F i g u r e  1). 
F ig .  1 - Block  d iagram of smal l  odd m u l t i p l e s  P.L.L. 
f requency  mu1 t i p 1  i e r  u s i n g  h a r m o n i c  phase de tec to r .  
C H 2 4 2 7 - 3 / 8 7 / 0 0 0 0 - 4 9 2  $ 1 . 0 0  C 1 9 8 7  IEEE 
I n   t h i s   p a p e r  we p resen t  a x3  P.L.L.  frequency 
m u l t i p l i e r   f o l l o w i n g   t h i s   t e c h n i q u e   w h i c h   a l l o w s   t o  
phase- lock  a 27 GHz  VC0 t o  a 9 GHz r e f e r e n c e ,   i n  a 
s imp le  and  compact  arrangement. 
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THEORY OF THE HARMONIC PHASE DETECTOR 
A 180' HYBRID  RING - -  --
The  phase d e t e c t o r  f u n c t i o n  c a n  be  performed  by a 
b a l a n c e d   m i x e r   w i t h  DC coup led  I F  p o r t .   I nt h e  
m i c r o w a v e   r a n g e   t h i s   i   u s u a l l y   i m p l e m e n t e d  wi th a 
m i c r o s t r i p  90' o r  180' h y b r i d  and Scho t t ky   d iodes .  
( F i g u r e  2 ) .  
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F ig .  2 - B lock  d iag ram o f  x3 ( 9  t o  27  GHz) PLL frequen- 
c y  m u l t i p l  Pr, w i t h  a m i c r o s t r i p  h y b r i d  s t r u c t u r e  a s  
phase detector.  
T h i s   s t r u c t u r e   h a s   t h e   p r o p e r t y   o f   b e h a v i n g  as a 
h y b r i d   a t   o d d   m u l t i p l e s   o f   t h e   f r e q u e n c y   a t   w h i c h   t h e  
l e n g t h s   o f   t h e   l i n e s   c o n n e c t i n g   t h e   p o r t s   a r e  X/4. 
Al though a b a n d w i d t h   r e d u c t i o n  and a c e r t a i n  
d e g r a d a t i o n   o f   t h e   h y b r i d   a r e   i n v o l v e d ,   t h e y   d o   n o t  
a f f e c t  t h e  h a r m o n i c  p h a s e  d e t e c t i o n  a b i l i t y .  
As a r e s u l t ,  a p h a s e   d e t e c t o r   r e a l i z e d   w i t h  a 
b a l a n c e d   s t r u c t u r e   u s i n g  a 1 8 0 "   h y b r i d   r i n g   ( o r  
equ iva len t )   can   be   used   t o   p r fo rm a f requency  
m u l t i p l i c a t i o n   b y  an  odd f a c t o r  i n  a s e t - u p   l i k e   t h a t  
sketched i n  F i g u r e  1. 
EXPERIMENTAL RESULTS 
A x 3   f r e q u e n c y   m u l t i p l   i e r   b e t w e e n  9 and 27 GHz 
us ing  a h a r m o n i c   p h a s e   d e t e c t o r   f o l l o w i n g   t h e   s e t - u p  
o f   F i g u r e  2 has  been b u i l t .  It i s  p a r t  o f  a coherent  
r e c e i v i n g   s y s t e m   d s i g n e d   f o r   t h e p r o p a g a t i o n  
exper iments  on  the 12, 20 and 30 GHz beacons  on  board 
o f   t he   Eu ropean  Space  Agency  Olympus S a t e l l i t e ,  t o  be 
launched  by  1988.  The 27 GHz o u t p u t   i s   e m p l o y e d  as 
l o c a l   o s c i l l a t o r   f o r   t h e   f i r s t   m i x e r   i n   t h e   3 0  GHz 
channel   chain.  
The phase de tec to r  uses a m i c r o s t r i p   h y b r i d  
s t r u c t u r e   l i k e   t h a t  shown i n   F i g u r e  2 made i n  0.01" 
Cu-clad 217 and des igned  a t   the 9 GHz fundamental 
frequency. A p a i r   o f  AsGa Schottky  diodes i n  a T- 
package p r o v i d e  f o r  t h e  n o n l i n e a r  f u n c t i o n .  
The 27 GHz  VC0 cons is t s  o f  a c a v i t y  mounted Gunn 
diode. The frequency i s   c o n t r o l l e d  by  vary ing  the 
d iode  b ias  vo l tage.   F igure 3a shows the  VC0 frequency 
inc rement   re fe r red   to  27.03 GHz versus  the  d.c.   b ias 
vo l tage and F igure 3b shows t h e   r i p p l e   i n   t h e  VC0 
output  power l e v e l .  
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Fig. 5 - Harmonic phase de tec to r  D. C. output  v01 tag? , 
versus 9 GHz p o r t  phase s h i f t .  
F i g .  3 - 27.03 GHz V.C.O. a)  Frequency  increnent  versus 
b i a s  v o l t a 9 .  b )  Output power level   versusbias  vol tag?. 
The set -up employed f o r   t h e   c h a r a c t e r i z a t i o n   o f  
the  harmonic  phase  detector i s  sketched i n   F i g u r e  4 .  
The DC ou tpu t   vo l tage  o f   the   harmon ic  phase de tec to r  
was recorded  versus  the phase s h i f t  i n t r o d u c e d  on the 
9 GHz po r t   (F igu re  5 ) .  F o r  a 9 GHz power o f  - 2  dBm 
and a 27 GHz power o f  0 dBm the  harmonic phase 
detector  s lope was 2.65 mV/'.  
The r e t u r n  l o s s  a t  t h e  phase de tec to r  9 GHz p o r t  
when it was  pumped w i t h  a +4 dBm 27 GHz s ignal  has 
a l so  been  measured (Figure  6) .  The i so la t i on   ob ta ined  
between b o t h  p o r t s  i s  shown i n  F i g u r e  7. 
Figure 8 shows the improvement o f   t h e  27 GHz 
o s c i l l a t o r   s p e c t r a l   p u r i t y  when locked  us ing   th is  
technique  to a more s t a b l e  9 GHz frequency. The 
P.L.L. noise  bandwidth i s  21 KHz, w i t h  a damping 
c o e f f i c i e n t  o f  1.14 and a 5 KHz loop filter resonance 
frequency. The ho ld - in  range i s  6 MHz. 
O T  
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Fig. 6 - Harmcn i c  phase de tec to r  re tu rn  loss measured 
a t  the 9 GHz mrt. 
CONCLUSIONS 
A very compact x3 frequency mu1 t i p 1   i e r  f r o m  9 t o  
27 GHz has  been presented. It i s  based on P.L.L. 
techniques  with  harmonic phase detect ion  that   can  be 
employed through  t e  microwave and mi l l imeter-wave 
ranges to   obta in   low  rder   odd- index  f requency 
m u l t i p l i c a t i o n s .  
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I n  t h e  c o h e r e n t  r e c e i v e r  f i n a l  c o n f i g u r a t i o n ,  t h e  
9 GHz f requency  wil be generated by a FET VCO, i t s e l f  
u l t i m a t e l y   l o c k e d   t o  a 5 MHz quar t z   s tandard ,   t he  
q u a r t z   o s c i l l a t o r   s t a b i l i t y   b e i n g   t r a n s f e r r e d  i n  t h i s  
way t o   t h e  27  GHz VCO. a -  
HARMONIC PHASE DETECTOR 
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( a )   ( b )  
F i g .  8 .- 27 ~~z.v.C.0. spectrum. a )  F ree   runn ing .   b )   Locked .   (No te   t he   d i f f e rence   i n   f requency  
span  and reso lu t ion   bandwid th   be tween  a )   and  b ) ) .  
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